The organization of the pancreatic lipase in two well defined domains has been correlated to a specific function for each domain, catalytic activity for the N-terminal domain and colipase binding for the C-terminal domain. In order to see if such an organization implies that the two domains can behave as separate entities, we expressed the N-and C-terminal domains in insect cells. The recombinant proteins secreted in the cell supernatants present the expected molecular properties. However, whereas the C-terminal domain retains its function of colipase binding, the N-terminal domain appears to be unable to ensure catalysis. The lack of activity of the recombinant N-terminal domain could result either from a (partially) incorrect folding or from an incapacity to function by itself. These results suggest that, although both are structurally well defined, the two domains of the pancreatic lipase behave differently when they are expressed as separate entities. Keywords: baculovirus/colipase/domain/lipase/protein binding Introduction Pancreatic lipase (50 kDa) plays an essential role in the digestion of dietary lipids by converting insoluble triacylglycerols into more polar products able to be absorbed by the enterocytes (for a review, see Desnuelle, 1986). A specific feature of lipase, compared with classical esterases, is that the enzyme is submitted to an interfacial activation phenomenon during catalysis. Moreover, in vivo, bile salts, present in the duodenum, inhibit pancreatic lipase by preventing the enzyme adsorption on the bile salt coated lipid/water interface. In order to counteract this inhibitory effect, the pancreas synthesizes and secretes colipase (10 kDa), the function of which is to anchor lipase on the lipid/water interface in the presence of bile salt (Chapus et al, 1975).
Introduction
Pancreatic lipase (50 kDa) plays an essential role in the digestion of dietary lipids by converting insoluble triacylglycerols into more polar products able to be absorbed by the enterocytes (for a review, see Desnuelle, 1986) . A specific feature of lipase, compared with classical esterases, is that the enzyme is submitted to an interfacial activation phenomenon during catalysis. Moreover, in vivo, bile salts, present in the duodenum, inhibit pancreatic lipase by preventing the enzyme adsorption on the bile salt coated lipid/water interface. In order to counteract this inhibitory effect, the pancreas synthesizes and secretes colipase (10 kDa), the function of which is to anchor lipase on the lipid/water interface in the presence of bile salt (Chapus et al, 1975) .
As postulated by Bousset-Risso et al. (1985) and then confirmed by crystallographic studies (Winkler et al., 1990; Bourne et al, 1994) , pancreatic lipase is made up of two distinct domains.
The larger one, the N-terminal domain (residues 1-335), contains the catalytic triad which, in solution, is buried inside the molecule and is thus inaccessible to substrates owing to the presence of a large loop, the so-called flap (Winkler et al, 1990) . The interfacial activation of lipase resulting from the opening of the flap in the presence of a substrate interface induces a shift of the enzyme from an inactive closed conformation to an active open conformation. As a result, the active site becomes accessible to the substrate, as confirmed by crystallographic data on a lipase/colipase complex obtained in the presence of mixed micelles (van Tilbeurgh et al., 1993) .
The C-terminal domain (residues 336-449) bears the main colipase binding site (Mah6-Gouhier and Le"ger, 1988; Abousalham et al, 1992; Chaillan et al, 1992) . The residues involved in the C-terminal domain/colipase binding have been identified on both proteins (van Tilbeurgh et al, 1993) . In the open conformation of lipase, a second site is created between some residues of the flap and colipase residues located in positions 36-38 (van Tilbeurgh et al, 1993) .
The two-domain organization of lipase has therefore been assumed to be correlated to a specific function for each domain, catalysis for the N-terminal domain and colipase binding for the C-terminal domain. The hinge region between the two domains corresponds to a restricted area strongly resistant to proteolysis. However, the C-terminal domain could be obtained by limited proteolysis from the porcine and human Upases, after complete degradation of the N-terminal domain. Investigation of uncoupling of catalysis and colipase binding in porcine pancreatic lipase, by limited proteolysis, showed the ability of the isolated C-terminal domain to interact with colipase (Abousalham et al, 1992; Chaillan et al, 1992) .
In order to see if the two domains of the pancreatic lipase can behave as independent entities, we have produced the Nand C-terminal domains in insect cells. We report here the cloning of the horse lipase N-and C-terminal domain cDNAs and their expression in the baculovirus/insect cells system. The molecular properties of the recombinant domains were analysed. The ability of the recombinant C-terminal domain to bind colipase was tested by both the protein-blotting/proteinoverlay technique and spectrofluorimetry.
Materials and methods

Materials
The BaculoGold Starter Package, baculovirus pAcGP67 and pVL1392 transfer vectors and culture media were obtained from PharMingen (San Diego, CA) and pSG5 vector from Stratagene (San Diego, CA). Fetal calf serum was purchased from Dutscher (France). Antibiotics were obtained from GIBCO BRL/life Technologies (Copenhagen, Denmark), alkaline phosphatase-labelled goat anti-rabbit IgG from Sigma (St Louis, MO), Taq polymerase from Promega (Madison, WT) and restriction enzymes and T4 DNA ligase from New England Biolabs (UK).
Purification of the C-terminal domain
Limited proteolysis of native porcine pancreatic lipase was performed according to Abousalham et al. (1992) . The proteolytic mixture was then submitted to molecular sieving on an Ultrogel Ac A 54 column equilibrated with 10 mM Tris-HCl buffer, pH 7.5, containing 0.2 M NaCl and 1 mM benzamidine. Elution was performed with the same buffer. The fractions containing the C-terminal domain were dialysed overnight against distilled water and stored freeze-dried. The C-terminal domain concentration was estimated using a molecular absorption coefficient (e) of 1. 
Amplification of the horse N-and C-terminal domain cDNAs
The horse pancreatic lipase cDNA cloned into the pUC18 vector was excised by EcoRI endonuclease for cloning into the EcoRI site of the pSG5 vector. A 10 ng amount of the recombinant plasmid (called pSG51ip) was used as the template for PCR experiments. For the Nterminal domain the two oligonucleotides 5' >TTGTAATAC-GACTCACTAT< 3' and 5' >CCGGAATTCTTAA4A47T-GCTGGCATCACCGG< 3' were used as the 5' and 3' primers, respectively. The 5' primer sequence is complementary to the sequence located upstream from the multicloning site of the pSG5 vector. Concerning the 3' primer, the sequence in italics is complementary to that of the template; the built-in stop codon and EcoRI restriction site are underlined and in bold type, respectively. For the C-terminal domain, the 5' and 3' primers are 5'> CGGAATTCGCGGATCCCGCCCG-TTGGAGTATAGG< 3' and 5' >GCTGCAATAAACAAG-TTCT< 3', respectively. The built-in restriction sites (EcoRI, BamHT) of the 5' primer are in bold type. The sequence in italics encodes the first six N-terminal residues of the Cterminal domain (Ala336-Arg341). The 3' primer sequence is complementary to the sequence located downstream from the multicloning site of the pSG5 vector. PCR was carried out under standard conditions with 1 min at 95°C, 1 min at 55°C and 1 min at 72°C for 35 cycles. After analysis by electrophoresis on 1% agarose gels, selected PCR fragments were dialysed against distilled water, precipitated using 0.3 M sodium acetate buffer, pH 5.2. The N-terminal fragment was successively digested by BglQ and £coRI and then cloned into the pVL1392 transfer vector using the same restriction enzymes. After successive digestion by BamYft and EcoRI endonucleases, the C-terminal insert was cloned into the pAcGP67 transfer vector. The correct integration of the inserts was checked by restriction map analysis and DNA sequencing using the dideoxynucleotide chain-termination method (Sanger et al, 1977) . The plasmids were purified by CsCl gradient ultracentrifugation and then used with baculovirus DNA for cotransfection into Sf21 insect cells.
Production and purification of recombinant viruses
Transfections were performed as described in the baculovirus Expression Vector System Manual from PharMingen. Sf21 cells were grown at 27°C in Protein-Free Insect Cell medium supplemented with 10% fetal calf serum, penicillin (50 iu/ml) and streptomycin (50 ^g/ml). A 0.5 u.g amount of linear BaculoGold DNA and 5 \ig of recombinant transfer vector (pVL1392 or pAcGP67) were transfected into Sf21 cells (2X10 6 cells in 25 cm 2 flasks) using the calcium phosphate coprecipitation method (Graham and van der Eb, 1973) . The resulting culture supernatants were collected after 5 days. Fresh monolayers of Sf21 cells were infected with virus supematants at various dilutions and then overlaid with 0.9% agarose containing the supplemented Protein-Free Insect Cell medium. After 4-5 days, recombinant plaques were identified by neutral red staining. The presumed recombinant plaques were picked up and used to infect six-well plates containing 10 6 Sf21 cells. After 4-5 days, the supernatants were collected and analysed by Western blotting to detect the presence of the recombinant N-and C-terminal domains. The selected recombinant viruses were then subjected to another round of plaque purification. Before the production step of recombinant protein, the recombinant virus stocks were submitted to two 708 rounds of amplification in order to obtain a titre of about 10 8 PFU/ml.
Expression of the N-and C-terminal domains in Sf21 cells
Screw-capped flasks (162 cm 2 ) were used to seed 30 ml Protein-Free Insect Cell medium containing penicillin (50 iu/ ml) and streptomycin (50 ng/ml) with 5X10 7 Sf21 cells. The recombinant baculovirus containing either the N-terminal or C-terminal domain cDNA was added to the cells at a multiplicity of infection close to 2. After 5 days at 27°C, the supematants were collected and centrifuged to remove cell debris. The expression of the domains was investigated using polyacrylamide gel electrophoresis and immunoblotting. Both recombinant domains were partially purified by gel filtration as described above.
Gel electrophoresis and Western blotting
Electrophoresis on 10-12% polyacrylamide gels was carried out either in the absence or in the presence of SDS as described by Laemmli (1970) . Western blots were performed according to Burnette (1981) . After electrophoresis, proteins were electroblotted on a PVDF membrane using a 50 mM Tris-borate transfer buffer, pH 8.3. PVDF membranes were saturated for 30 min at room temperature by soaking in 5% skim milk in TBS (20 mM Tris-HCl, pH 7.5, 137 mM NaCl), containing 0.1% Tween 20. Then, the saturated membranes were incubated for 1 h at room temperature with specific polyclonal anti-lipase antibodies from rabbit and immunodetection was carried out using alkaline phosphatase-labelled goat anti-rabbit IgG.
N-Terminal sequence analysis
The recombinant domains were purified by electrophoresis on a 12% anionic polyacrylamide gel prior to electroblotting on a PVDF membrane. The domains were localized on separate strips of the membrane by immunodetection. Strips of PVDF containing the recombinant domains were then submitted to N-terminal microsequencing. Stepwise Edman degradation was performed automatically using a gas-phase sequencer (Applied Biosystems, Model 470 A). The resulting phenylthiohydantoins were analysed by HPLC using a C|g column (Brownlee, 5 urn, 220X2.1 mm i.d.). They were eluted using a gradient from 10 to 46% methanol in 7 mM sodium acetate buffer, pH 4.84.
Protein blotting/protein overlay assay Native horse colipase (1 (ig) was loaded on to a 15% anionic polyacrylamide gel prior to electroblotting on a PVDF membrane, under the same conditions as mentioned above. The membrane was incubated for 30 min at room temperature with 5% skim milk in 1 mM Tris-HCl buffer, pH 7.5, containing 0.1 M NaCl and 5 mM CaCl 2 -The saturated membrane was incubated for a few minutes at room temperature with the native horse lipase (10" 6 M) or the recombinant or proteolysis resulting C-terminal domain (10" 6 M), washed with the Tris-HCl buffer and then incubated with specific polyclonal lipase antibodies for 1 h at room temperature. Immunodetection was carried out using alkaline phosphataselabelled goat anti-rabbit IgG as mentioned above.
Fluorescence measurements
Porcine colipase (10" 4 M), horse lipase (0.5 X10" 6 M) and the C-terminal domain (0.5X10" 6 M) were resuspended in a 10 mM Tris-HCl buffer, pH 7.5, containing 0.1 M NaCl. Fluorescence spectra were recorded at 25°C using a Kontron SFM 25 spectrofluorimeter driven by an Apple He computer and equipped with a thermostated cell and a magnetic stirring device. The excitation wavelength was 290 nm. Titration of either the horse lipase or the C-terminal domain with porcine colipase was performed by successive addition of 2 JAI aliquots of a stock solution of porcine colipase to 2 ml of C-terminal domain or horse lipase solution. The stoichiometry of the binding (n) and the dissociation constants (K d ) were determined using the Scatchard formulation:
where Lf, and Lf are the concentrations of the bound and free colipase at the equilibrium and P 0 is the total concentration of either the horse lipase or the C-terminal domain.
Results and discussion
The structural organization of the pancreatic lipase in two domains has been postulated to be correlated to a specific function for each domain. Does this mean that the N-and Cterminal domains can be treated apart as independent structural and functional entities? In order to check this hypothesis, we produced the N-and C-terminal domains of the horse pancreatic lipase in insect cells using genetic engineering and investigated their structural and functional properties.
Expression of the N-and C-terminal domains of the horse pancreatic lipase in insect cells
The cDNA encoding the N-terminal domain (1052 bp) was obtained by PCR after introducing a stop codon in position 1053. In order to express the C-terminal domain as a secreted protein, the cDNA encoding the C-terminal region (478 bp) was cloned in the pAcGP67 transfer vector, downstream from the sequence encoding the signal sequence of the baculovirus GP67 glycoprotein, the expression of GP67 being driven by the polyedrine promoter. As shown in Figure 1 , the strategy used for this construction results in an extension of three amino acids at the N-terminal end of the secreted recombinant protein. DNA sequencing of the recombinant plasmids (pVL1392-Nter and pAcGP67-Cter) was performed to check the fidelity of the PCR products and the modifications introduced in the cDNAs. The recombinant plasmids pVL1392-Nter and pAcGP67-Cter were used for cotransfection experiments in insect cells. The presence of the N-and C-terminal domains in the culture supematants was checked at each step by 10% and 12% SDS-PAGE, respectively, and immunoblotting using polyclonal antihorse lipase antibodies (Figure 2) . The recombinant C-terminal (lane 3) and N-terminal (lane 5) domains revealed by horse lipase antibodies present the expected sizes as shown by the positive controls, the porcine C-terminal domain obtained by limited proteolysis (lane 2) and the horse lipase (lane 4). As expected, no proteins were immunodetected in the supematants of non-infected cell cultures (lanes 1 and 6) .
Production of the recombinant proteins was performed under slightly modified conditions with respect to classical protocols. Indeed, insect cells were grown in the medium supplemented with 10% fetal calf serum and penicillin/streptomycin but just before infection the culture medium was removed and replaced by the medium devoid of fetal calf serum. One of the advantages of this method is to obtain expression media with small amounts of contaminating proteins while avoiding the time-consuming weaning step. Under these conditions, the amount of the secreted proteins was estimated to be roughly 8-12 mg/1, which is close to the values reported using classical conditions. Molecular properties of the recombinant domains. N-terminal analyses were performed on both domains after purification by gel electrophoresis. An N-terminal sequence identical with that of the mature horse lipase was obtained for the recombinant N-terminal domain. Analysis of the recombinant C-terminal domain yielded the sequence Ala-Asp-ProAla-Arg-Trp-Arg-Tyr-Arg. The amino acids in bold type correspond to the three additional residues resulting from the construction. In both cases, the cleavage of the preproteins by the insect signal peptidase occurs at the correct place. No contaminating proteins were detected, indicating that the recombinant domains can be well separated from the fetal calf serum proteins by a single gel electrophoresis As shown above, both the N-and C-terminal domains present the expected size. Analysis of the recombinant Cterminal domain by gel electrophoresis in the absence of SDS (Figure 3) confirms the more anionic behaviour of the recombinant protein (lane 3) compared with that of the porcine C-terminal domain (lane 2). This finding has to be correlated to the presence of an aspartic acid residue among the three extra amino acids at the N-terminal end of the chain, which results in the gain of one negative charge for the recombinant C-terminal domain compared with the porcine domain.
Functional properties of the recombinant N-and C-terminal domains
The N-terminal domain was tested titrimetically at 25°C for lipolytic activity on emulsified tributyrin under standard conditions (0.11 M emulsified tributyrin in 1 mM Tris-HCl buffer, pH 7.5, containing 0.1 M NaCl and 5 mM CaCli) either in the absence or in the presence of 4 mM sodium taurodeoxycholate. No activity could be detected under these conditions. As expected, the addition of a threefold molar excess of native horse colipase had no effect. Either the N- terminal domain is not properly folded or is unable to perform an efficient catalysis by itself. In both cases, the presence of the C-terminal domain cooperates with the N-terminal domain for one of these processes. Further investigations are required to understand the molecular bases of the inactivity of this recombinant domain. However, the main hindrance concerning this study is that no positive control is available since, in contrast to the C-terminal domain, the N-terminal domain cannot be obtained by limited proteolysis of pancreatic lipase. The functional property of the expressed C-terminal domain to bind colipase was first investigated using the protein-blotting/ protein-overlay technique (Homann et al., 1991; Schmidt et al., 1994) , slightly modified as follows: anionic gel electrophoresis and electroblotting on PVDF under non-denaturating conditions were performed in order to preserve the native conformation of colipase. PVDF strips containing native horse colipase were incubated as described under Materials and methods with the horse lipase, the porcine C-terminal domain obtained by proteolysis or the recombinant horse domain. As shown in Figure 4 , the recombinant protein (lane 6) and also the native lipase (lane 4) and the porcine C-terminal domain (lane 5) are able to bind native colipase blotted on to PVDF membranes. Since the concentrations of both porcine and recombinant domains used in the binding assay are at the most 10" 6 M, one can suppose that the recombinant C-terminal domain presents an affinity for colipase comparable to that of the porcine domain. The specificity of the binding is emphasized by the negative responses observed when colipase alone is submitted to immunodetection using anti-lipase antibodies (lane 2) or when a PVDF strip devoid of colipase is incubated with lipase prior to immunodetection (lane 3). Moreover, no colipase binding could be detected when the lipase or the Cterminal domain was denatured prior to colipase incubation (data not shown).
In order to quantify the interaction between the porcine colipase and the recombinant C-terminal domain, we investigated the binding of the two partners by spectrofluorimetry and compared the results with those obtained with the native horse lipase. The recombinant domain exhibits an intrinsic fluorescence spectrum with two maxima centred at 325 and 350 nm characteristic of a buried and an exposed tryptophan residue, respectively. This observation is in agreement with the crystallographic data (Bourne et al., 1994) . Addition of colipase led to a decrease in the fluorescence of the tryptophan The finding that this domain exhibits the expected affinity for colipase implies that the colipase binding site presents the appropriate geometry, thus suggesting a correct folding of the whole domain.
In conclusion, although the structural organization of pancreatic lipase in two well defined domains seems to be correlated to specific functions, it appears, from this work, that only the C-terminal domain could be expressed as a functional independent folding unit.
